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Calorimetry  
 
Enthalpy changes cannot be measured directly but can be measured by monitoring the 
temperature of a chemical system. The units for enthalpy change is kJmol​-1​. Calorimetry uses a 
mathematical relationship to work out the enthalpy change from experimental data. The formula 
used is:  
 
 

 
(q = energy change)  (m = mass)  (c = specific heat capacity)  (∆T = temperature change) 

 
 
Example 1:  
How much energy is needed to change the temperature of 60.0 g of water by 15.0 °C. 
 
Step 1:​ Input the values into the formulae. (Specific heat capacity = 4.18 Jg​-1​K​-1​)  
 
⇒  q = 60 x 4.18 x 15  
         = ​3762 J 
         = ​3.76 kJ 
 
Example 2:  
0.25 g of ethene was used to heat 200 cm​3​ of water from 20 °C to 42.2 °C. What was the 
enthalpy change of this reaction? 
 
[Remember 1 cm​3​ of water = 1g]  
 
Step 1:​ Calculate the change in temperature. 
 
⇒ 42.2 - 20 = 22.2 
 
Step 2:​ Work out the energy released in this reaction 
 
⇒ q = 200 x 4.18 x 22.2  
        = 1.856 x10​4​ J  
        = 18.56 kJ  
 
Step 3:​ Calculate the number of moles of ethane (C​2​H​6​) 
 
Mr of ethene = 12 + 12 + 6 = 30 
 
⇒ 0.25 / 30 = 0.00833 
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Step 3:​ Divide the energy released by the moles of ethane used to calculate the enthalpy 
 change per mole. 

 
⇒ 18.56 / 0.00833 = 2236 kJ/mol 
 
As this is an ​exothermic​​ reaction, enthalpy change is ​negative​​ therefore the final answer is  
 
-2236 kJmol​​-1 

 
 
Worked exam style question  
 
Question 1 

 
 
 
 
 
 
 
Step 1:​ Use q=mc∆t to calculate the energy released. 
 
⇒ q = 100 x 17.3 x 4.18  
        = ​7.231 kJ 
 
Step 2:​ Use moles = mass / Mr to calculate the moles of glucose. 
 
Mr of glucose = 180 
 
⇒ 0.831 / 180 = ​0.00462 mol 
 
Step 3:​ Use the previous answers to find enthalpy change per mole. 
 
⇒ 7.2314 / 0.00462 = ​1570kJmol​​-1  
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Try these questions... 
 
1.  
 

 
 
 
 
 
 
 
 
 

[6 marks] 
 

 
Q2. 
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[6 marks] 
Bond Enthalpies  
 
Exam definition: the energy required to break 1 mole of bonds 
 
The enthalpy change for a reaction can be calculated from average bond enthalpy data using 
the following expression: 
 

ΔH = Σ (bond enthalpies of reactants) - Σ (bond enthalpies of products) 
 
 

bond ΔH​b​/kJmol​-1 bond ΔH​b​/kJmol​-1 

C-H +413 H-F +565 

C-Br +280 C-F +425 

H-Br +366 F-F +158 

Br-Br +193 C=O +805 

C-C +347 O-H +464 

C=C +611 O=O +498 

H-H +435     

 
Example 1:  
The ΔH for the following reaction: CH​4​(g) + Br​2​(g) → CH​3​Br(g) + HBr(g) 
 
Step 1:​ For the reactants write out the type and number of each of the bonds. 
 
⇒ C - H (x4) 
    Br - Br (x1) 
 
Step 2:​ Calculate the sum of the bond enthalpies of reactants. 
 
⇒ 4 x 413 (C-H) = 1652 
    1 x 193 = 193  
 
⇒ 1652 + 193 = 1845 
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Step 3:​ For the products write out the type and number of each of the bonds.  
 
⇒ C - H ( x3) 
    C - Br ( x1) 
    H - Br ( x1) 
 
Step 4:​ Calculate the sum of the bond enthalpies of products. 
 
⇒  3 x 413 (C-H) = 1239  
     1 x 280 (C-Br) = 280 
     1 x 366 ( H-Br) = 366 
 
⇒ 1239 + 280 + 366 = 1885  
 
Step 5:​ Calculate the enthalpy change of the reaction  

[Σ (bond enthalpies of reactants) - Σ (bond enthalpies of products)] 
 
1845 - 1885 = ​- 40 kJ mol​​-1  
 
 
Example 2:  
Given the following information: 
 
C(s) → C(g), ΔH = +715 kJmol​-1 

Cl​2​(g) → 2Cl(g), ΔH = +242 kJmol​-1 

C(s) + 2Cl​2​(g) → CCl​4​(g), ΔH = -135.5 kJmol​-1 

 
Calculate the average bond dissociation enthalpy of a C-Cl bond. 
 
Step 1:​ Find the total bond enthalpies for the reactants.  
 
⇒ To do this you have to compare the first two equations with the reactants of the third 
equation.  

 
[There is one carbon atom in the first equation and in the third so the bond enthalpy can be 
taken from the first equation. However the third equation has 2 chlorine molecules whereas the 
second only has one. Therefore multiply the enthalpy change of the second reaction by 2 to get 
the bond enthalpy for 2 chlorine molecules.] 
 
⇒ 715 + (242 x 2) = 1199  
 
Step 2:​ Rearrange the equation so that the sum of bond enthalpies of products is the subject, 
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 to work out the bond enthalpy of a C-Cl bond. 
 
 
Σ (bond enthalpies of reactants) -  ΔH = Σ (bond enthalpies of products) 
 
⇒ 1199 - (-135.5) = 1334.5  
 
[1334.5 = 4 x C-Cl] 
 
Step 3:​ Calculate 1 C-Cl bond. 
 
1334.5 / 4 = ​+333.6 J  
 
[Remember bond enthalpies are always ​positive​​ because bond breaking is an ​endothermic 
process] 
 
 
Worked Exam Style Question 
 
Question 1 
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Step 1:​ Find the total for the bond enthalpies of the reactants.  
 
⇒ 3 x 410 ( C-H) = 1230  
    1 x 336 (C-O) = 336 
    1 x 465 (O-H) = 465  
    1.5 x 500 (O=O) = 750  
 
1230 + 336 + 465 + 750 = 2781  
 
Step 2:​ Find the total for the bond enthalpies of the products.  
 
⇒ 2 x 805 ( C=O) = 1610  
    4 x 465 (O-H) = 1860  
 
1610 + 1860 = 3470 
 
Step 3:​ Calculate the enthalpy change of combustion. 
 
⇒ 2781 - 3470 = ​- 689 kJmol​​-1 

 
 
Try these questions… 
 
3. 
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4. 
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Hess’ Law and Enthalpy Cycles  
 
Enthalpy change of formation is the enthalpy change when 1 mole of a substance is formed 
from its constituent elements.  
 
Enthalpy change of combustion is the enthalpy change when 1 mole of substance is completely 
burned in excess oxygen.  
 
Some enthalpy changes are impossible to measure directly and for these reactions Hess’ cycles 
can be used to indirectly calculate the enthalpy change.  
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Example 1:  
 

Substance H​2​O(l) CO​2​(g) Ethane 
C​2​H​6​(g) 

Ethene 
C​2​H​4​(g) 

ΔH​f​/kJmol​-1 -285.5 -393 -83.6 +52.0 

 
Calculate the enthalpy of combustion of ethane. The equation is below. 

 
C​2​H​6​(g) + 3½O​2​(g) → 2CO​2​(g) + 3H​2​O(l) 

 
Step 1:​ Look at the information given in the question, as the information is enthalpy change of 
formation you know which type of Hess cycle to draw. 
  

  
 
 

 
 
 
 
 
 
 
 
Step 2:​ Input values for the corresponding substances into the Hess’ cycle. 
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Step 3:​ Calculate the enthalpy change of combustion by following arrows of the cycle. 
 
 

 
 
 
 
 
 
 
 
 
 
 
⇒ -(-83.6) + ((-285.5 x 2) + (-393 x 3)) =​ 1558.9 kJmol​​-1 
 
 
Example 2:  
Given the following data: 
  

Substance CH​3​CH​2​CH​2​CH​3 CH​3​CH​2​CH=CH​2 H​2 

ΔH​c​/kJmol​-1 -2877 -2717 -286 

  
Calculate ΔH for the following reaction:  

CH​3​CH​2​CH=CH​2​ + H​2​ → CH​3​CH​2​CH​2​CH​3 

 
Step 1:​ Look at the information given in the question, as the information is enthalpy change of 
combustion you know which type of Hess cycle to draw. 
 
 

 
 
 
 
 
 
 
 
 

www.pmt.education



Step 2:​ Input values for the corresponding substances into the Hess’ cycle. 
 

 
 
Step 3:​ Calculate the enthalpy change of combustion by following arrows of the cycle. 
 

 
 

⇒ ​(-2717 + (-286)) - ( -2877) = ​-126 kJmol​​-1 

 
 
Worked Exam Style Questions 
 
Question 1 
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Step 1:​ Look at the information given in the question, as the information is enthalpy change of 
 formation you know which type of Hess cycle to draw. 

 

 
 
 
Step 2:​ Input values for the corresponding substances into the Hess’ cycle. 
 

 
 
 

Step 3:​ Calculate the enthalpy change of combustion by following arrows of the cycle. 
 

 
 
 
⇒  ​-(-1250) + ((-394 x 6) + (-286 x 6)) =​ - 2830 kJmol​​-1 
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Question 2  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Step 1:​ Look at the information given in the question, as the information is enthalpy change of 

 formation you know which type of Hess cycle to draw. 
 

 
 
Step 2:​ Input values for the corresponding substances into the Hess’ cycle. 
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Step 3:​ Calculate the enthalpy change of combustion by following arrows of the cycle. 
 

 
 
 
⇒ ​((-286 x 2) + (-394)) - (-890) = ​-76 kJmol​​-1 

 
 
Try these questions… 
 
5. 
 

 

3 marks 
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6. 

3 marks 
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Answers 
Q1. 

  
 
 

 

 
 
 
Q2. 
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Q3. 

 
 
Q4. 

  
 
Q5. 
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Q6. 
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